Introduction
============

Herpes simplex virus (HSV) infections are widespread among humans globally.[@R1]^,^[@R2] The infection is lifelong and characterized by periodic reactivations at the infection site. HSV type 1 is primarily transmitted by oral-to-oral contact and commonly causes orolabial herpes (cold sores).[@R3] Type 1 virus also causes rarer conditions, such as keratitis and other ocular sequalae, and encephalitis.[@R4] HSV type 1 genital infection from oral-to-genital contact is becoming increasingly common, although reactivations are less frequent than for HSV type 2.[@R5]^--^[@R10] HSV type 2 is almost entirely sexually transmitted, causing genital herpes.[@R11] Genital HSV infection may be unrecognized or result in painful genital ulcer disease in a proportion of those infected. Neonates can acquire HSV infection from genitally infected mothers during birth and from oral contact with caregivers postnatally.[@R12] Neonatal infection, although rare, has a high fatality and disability rate in surviving infants.[@R12] Evidence also suggests that HSV type 2 infection increases the risk of acquiring human immunodeficiency virus (HIV).[@R13] Symptomatic and asymptomatic viral shedding are common for both HSV type 1 and type 2.[@R14]^,^[@R15] Thus, infected individuals can be asymptomatic yet infectious, allowing these viruses to be transmitted unknowingly, a factor which contributes to the large global prevalence of HSV infection.

The World Health Organization (WHO) has produced global and regional estimates of HSV type 2 infection prevalence and incidence (derived from prevalence) among individuals 15--49 years or age twice before: for the years 2005 and 2012.[@R2]^,^[@R16] The first estimates of HSV type 1 infection at any site in those aged 0--49 years of age, and of genital HSV type 1 infection in those aged 15--49 years of age, were done for 2012.[@R1] The Global Burden of Disease (GBD) study has also produced estimates for HSV type 2 infection (again deriving incidence from estimated prevalence, similar to the WHO estimates), most recently for 2017.[@R17] However, these estimates are not directly comparable to the WHO estimates as they extend to age 99 years of age, are not adjusted for assay performance and use different regional groupings than the WHO estimates. Furthermore, the GBD study does not produce any estimates for HSV type 1 infection, an increasingly important cause of genital infection.

Estimates of HSV infection across geographical regions, age, sex, HSV type and infection site (oral versus genital) are needed for advocacy and resource planning. In 2016, the World Health Assembly adopted the Global Health Sector Strategy on Sexually Transmitted Infections, 2016--2021,[@R18] which aims to end sexually transmitted infections as a public health concern by 2030. The strategy sets out reduction targets, which in turn depend on reliable baseline estimates for each sexually transmitted infection. Quantifying HSV infection and disease is also necessary to guide the development of new products, such as vaccines.[@R19]^--^[@R21] Infection estimates can be used as a starting point for estimating the burden of HSV-related disease when direct incidence data are lacking, by applying the risks of particular outcomes to the number of people infected, as has been done for neonatal herpes.[@R22] In this systematic review we made global and regional estimates of HSV type 2 and genital HSV type 1 infection for the year 2016, incorporating newly available data, and estimates specifically for oral HSV type 1 infection.

Methods
=======

We used similar methods as for our previous estimates.[@R1]^,^[@R2]^,^[@R16] We conducted a systematic literature search followed by pooling of extracted data using meta-analysis. First, we searched the online databases MEDLINE® and Embase® to identify relevant studies with publication dates between August 2013 (to ensure overlap with the literature searches informing the 2012 estimates) and August 2018. We included studies of the prevalence and incidence of HSV type 1 and type 2 infection, as measured by the detection of type-specific immunoglobulin G antibodies, in any language. We applied broad inclusion and exclusion criteria to the studies to extract the data and then applied additional criteria to the extracted data for calculating the estimates. We excluded high-risk populations and based the calculations on prevalence data from general populations only. Incidence data were used solely for comparison and validation purposes. Further details of the search strategy, data extraction and synthesis, and definitions of general populations are in the data repository.[@R23]

We then pooled the newly extracted data with data from our previous estimates, using studies from year 2004 or later. Thus, there was a large overlap in the studies included between the current and previous set of estimates. We pooled prevalence values by sex where possible and 5-year age groups for each WHO region (African, Americas, Eastern Mediterranean, Europe, South-East Asia and Western Pacific) and separately for HSV type 1 and type 2. The force of the infection was then calibrated to each set of pooled prevalence values over age, assuming a constant force of infection with age. Before pooling, we adjusted the prevalence values for the sensitivity and specificity of the tests used to detect HSV in different studies (data repository).[@R23] Smoothed prevalence and derived incidence (that is, from the calibrated force of infection) were applied to population data for 2016[@R24] to obtain the most up-to-date estimates of the number of people with prevalent (existing) and incident (newly-acquired over one year) HSV type 1 and 2 infection by WHO region. Estimates for oral HSV type 1 infection were done for individuals 0--49 years of age, and estimates for HSV type 2 and genital HSV type 1 infection were done for individuals 15--49 years of age. We also did a speculative analysis to estimate the number of older individuals infected by applying the prevalence in those 45--49 years of age to population numbers for those 50--99 years of age. Further details of the calculation of prevalence, incidence and uncertainty bounds are in the data repository.[@R23]

To estimate the proportion of individuals infected at different sites, we first pooled values from longitudinal studies of the proportions of adults with oral (pooled estimate: 36.4%) and genital (pooled estimate: 72.4%) symptoms among all adults with HSV type 1 seroconversion, which was accompanied by symptoms (either or both sites).[@R25]^--^[@R28] In other words, we estimated the proportions of new HSV type 1 infections that were oral versus genital for individuals where the site of infection could be determined on the basis of symptoms. Pooling was done using the *metan* command in Stata, version 16 (StataCorp, College Station, United States of America) and assuming a random effects model. We then applied these proportions to HSV type 1 incidence only in those 15--49 years of age to estimate the numbers with oral and genital HSV type 1 infection separately. This method was slightly different to the method of estimating genital HSV type 1 infection for 2012, in which values from two studies of symptomatic HSV type 1 seroconversions were used to generate two separate sets of estimates in adults.[@R1] HSV type 1 infection in those younger than 15 years was assumed to be all oral. In a separate sensitivity analysis, we limited those able to be infected with genital HSV type 1 to the proportion of individuals by age who engaged in oral sex in the last 12 months (data for females and males combined) according to the National Health and Nutrition Evaluation Survey 2015--2016, the largest, national population-based survey in the USA.[@R29] We calculated the total percentage of people with genital infection due to either HSV type 1 by summing the prevalence of each infection, and then adjusting for the percentage of people assumed to be genitally infected with both viral types.

Results
=======

Literature search
-----------------

We identified a total of 4262 publications in the updated literature search ([Fig. 1](#F1){ref-type="fig"}). After removal of duplicates, we screened 3511 records on the basis of title and abstract, and excluded a further 3111 records, which did not meet the criteria for relevance. We obtained full texts for the remaining 400 records along with an additional 13 publications identified from reference lists.[@R8]^,^[@R30]^,^[@R31] Of these 413 publications, 182 contained relevant data and were subsequently included in the data extraction: 48 HSV type 1 prevalence studies, 136 HSV type 2 prevalence studies, 1 HSV type 1 incidence study and 20 HSV type 2 incidence studies (some studies contributed data in more than one category). However, not all of these studies met our criteria for inclusion in the estimates, while some studies identified in previous reviews were still sufficiently recent (after 2004).
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Pooling data from all the studies meeting our criteria we made the estimates using 474 HSV type 2 prevalence data points (262 from newly identified studies) and 223 HSV type 1 prevalence data points (128 from newly identified studies). The number of data points by age and sex, the countries contributing data and the inclusion criteria applied is available in the data repository.[@R23]

In comparison with the 2012 estimates, the number of available prevalence data points for 2016 improved for both HSV types 1 and 2. However, this increase did not generally follow from an increase in the number of countries represented, as the number of contributing countries mostly declined between the 2012 and 2016 estimates. The decline was particularly apparent for the WHO Region of the Americas, where HSV type 1 estimates for males were based solely on data from individuals in the USA. The prevalence and incidence data from studies newly extracted for this review[@R32]^--^[@R122] are shown in the data repository.[@R23]

Prevalence of infection
-----------------------

Our estimates for 2016 found that a total of 491.5 million (95% UI: 430.4 million--610.6 million) individuals 15--49 years of age worldwide were living with HSV type 2 infection ([Table 1](#T1){ref-type="table"} and [Fig. 2](#F2){ref-type="fig"}). More women (313.5 million) than men (178.0 million) were infected. The number of people infected was highest in the WHO African Region (102.9 million females and 59.3 million males), followed by the Western Pacific, South-East Asia and Americas Regions. The estimated prevalence of HSV type 2 in the global population of 3735.6 million people 15--49 years of age was 13.2% (95% UI: 11.5--16.3) and was highest among the population of the African Region, followed by the Region of the Americas, and among women. The number infected increased with age, largely mirroring increases in the prevalence with age, although differences in population sizes also affected the observed numbers. The regional pooled prevalence values and model fits for HSV type 2 infection is available in the data repository.[@R23]

###### Global and regional estimates of the prevalence of herpes simplex virus type 2 infections by age and sex, 2016

  WHO region by sex       No. of infected people in millions (population prevalence, %) by age group   95% UI^a^                                                                                          
  ----------------------- ---------------------------------------------------------------------------- ------------- ------------- ------------- ------------- ------------- ------------- -------------- ---------------------------
  **Total**               27.8 (4.8)                                                                   49.6 (8.5)    68.6 (11.4)   78.9 (14.3)   83.3 (16.8)   89.6 (18.8)   93.7 (20.8)   491.5 (13.2)   430.4--610.6 (11.5--16.3)
  **Female**                                                                                                                                                                                              
  Africa                  10.1 (21.7)                                                                  15.3 (35.9)   17.5 (46.5)   17.8 (54.2)   16.3 (60.0)   14.1 (64.2)   11.9 (67.3)   102.9 (43.9)   85.0--120.0 (36.3--51.2)
  Americas                2.6 (7.8)                                                                    5.1 (14.4)    7.3 (20.5)    9.1 (26.1)    10.3 (31.4)   11.3 (36.3)   12.0 (40.8)   57.7 (24.0)    46.4--71.6 (19.3--29.7)
  Eastern Mediterranean   0.7 (2.5)                                                                    1.3 (4.6)     1.9 (6.8)     2.3 (8.8)     2.3 (10.9)    2.2 (12.9)    2.2 (14.8)    12.8 (7.6)     5.7--29.4 (3.4--17.6)
  Europe                  0.7 (3.0)                                                                    1.5 (5.7)     2.5 (8.3)     3.4 (10.8)    4.0 (13.2)    4.8 (15.6)    5.4 (17.9)    22.2 (10.7)    10.4--45.2 (5.0--21.7)
  South-East Asia         2.3 (3.0)                                                                    4.4 (5.6)     6.3 (8.2)     7.8 (10.7)    8.7 (13.1)    9.3 (15.5)    9.5 (17.8)    48.4 (9.6)     20.2--105.2 (4.0--20.9)
  Western Pacific         2.0 (4.2)                                                                    4.7 (7.8)     8.7 (11.3)    10.0 (14.7)   10.9 (17.9)   14.9 (21.0)   18.3 (24.0)   69.5 (14.6)    43.8--106.3 (9.2--22.3)
  Total                   18.4 (6.6)                                                                   32.2 (11.4)   44.1 (15.0)   50.3 (18.5)   52.7 (21.6)   56.5 (24.1)   59.2 (26.4)   313.5 (17.1)   265.7--389.1 (14.5--21.3)
  **Male**                                                                                                                                                                                                
  Africa                  4.6 (9.8)                                                                    7.6 (17.8)    9.4 (25.1)    10.3 (31.8)   10.1 (37.9)   9.3 (43.4)    8.1 (48.5)    59.3 (25.4)    44.1--77.1 (18.9--33.0)
  Americas                1.2 (3.6)                                                                    2.5 (6.7)     3.5 (9.7)     4.4 (12.6)    5.0 (15.5)    5.5 (18.2)    5.9 (20.8)    28.0 (11.6)    18.2--42.0 (7.5--17.3)
  Eastern Mediterranean   0.2 (0.9)                                                                    0.5 (1.6)     0.7 (2.4)     0.9 (3.2)     0.9 (4.0)     0.9 (4.7)     0.9 (5.5)     5.1 (2.8)      1.1--23.9 (0.6--13.2)
  Europe                  0.3 (1.5)                                                                    0.8 (2.8)     1.3 (4.1)     1.7 (5.4)     2.0 (6.6)     2.4 (7.9)     2.7 (9.1)     11.1 (5.3)     5.1--23.1 (2.4--11.0)
  South-East Asia         1.9 (2.2)                                                                    3.6 (4.2)     5.0 (6.2)     6.2 (8.1)     6.9 (10.0)    7.3 (11.8)    7.5 (13.7)    38.5 (7.2)     12.2--117.6 (2.3--22.1)
  Western Pacific         1.1 (2.0)                                                                    2.5 (3.7)     4.5 (5.5)     5.1 (7.2)     5.6 (8.8)     7.8 (10.5)    9.4 (12.1)    36.0 (7.1)     15.8--79.7 (3.1--15.7)
  Total                   9.4 (3.1)                                                                    17.3 (5.8)    24.4 (7.9)    28.6 (10.2)   30.6 (12.2)   33.1 (13.8)   34.5 (15.2)   178.0 (9.3)    140.6--270.1 (7.4--14.2)

UI: uncertainty interval; WHO: World Health Organization.

^a^ 95% UI of the total no. of infected people in millions (95% UI of percentage prevalence).

Notes: Numbers are the year 2016 estimated number of people living with herpes simplex virus type 2 infection. Prevalences are the percentage of infected people in the age- sex- and region-specific population. Numbers do not always sum exactly to the totals due to rounding. Regions are World Health Organization definitions.
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An estimated 3583.5 million (95% UI: 3322.2 million--3715.8 million) of the 5632.6 million global population 0--49 years of age were infected orally with HSV type 1, a prevalence of 63.6% (95% UI: 59.0--66.0; [Table 2](#T2){ref-type="table"}). The number of people with oral HSV-1 was largest in the WHO South-East Asia Region, followed by the Western Pacific Region. Genital HSV type 1 infection affected an estimated 192.0 million (95% UI: 123.0 million--294.0 million) individuals 15--49 years of age worldwide ([Table 3](#T3){ref-type="table"}), equivalent to a prevalence of 5.2% (95% UI: 3.3--8.0). The number of people with genital HSV type 1 was highest in the Region of the Americas, followed by the European Region. There was a general trend of increasing numbers of people infected with both oral and genital HSV type 1 infection by age, mirroring the increasing prevalence of both infections in our model.

###### Global and regional estimates of the prevalence of oral herpes simplex virus type 1 infection by age and sex, 2016

  WHO region by sex       No. of infected people in millions (population prevalence, %) by age group   95% UI^a^                                                                                                                                              
  ----------------------- ---------------------------------------------------------------------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- --------------- -----------------------------
  **Total**               181.0 (27.4)                                                                 371.4 (58.5)   404.3 (67.1)   404.0 (69.7)   407.7 (70.0)   423.3 (70.5)   389.2 (70.5)   348.0 (70.4)   335.9 (70.6)   318.6 (70.7)   3583.5 (63.6)   3322.2--3715.8 (59.0--66.0)
  **Female**                                                                                                                                                                                                                                                  
  Africa                  37.9 (64.9)                                                                  62.9 (93.7)    57.4 (96.9)    49.8 (97.2)    43.0 (97.3)    37.4 (97.3)    32.3 (97.3)    26.7 (97.3)    21.5 (97.3)    17.3 (97.3)    386.2 (87.8)    354.8--400.9 (80.6--91.1)
  Americas                2.1 (7.6)                                                                    6.9 (21.1)     11.2 (32.5)    14.3 (39.3)    15.7 (42.3)    16.4 (44.9)    16.7 (47.1)    16.3 (48.9)    15.8 (50.5)    15.4 (51.9)    130.8 (37.8)    121.8--140.6 (35.2--40.6)
  Eastern Mediterranean   6.4 (20.9)                                                                   16.7 (49.6)    20.6 (66.8)    21.8 (74.3)    21.9 (76.6)    22.2 (78.0)    20.6 (78.8)    17.4 (79.3)    14.0 (79.6)    11.8 (79.7)    173.5 (63.3)    112.0--220.9 (40.9--80.7)
  Europe                  3.6 (17.2)                                                                   10.4 (42.1)    13.9 (58.1)    15.9 (65.6)    18.5 (68.0)    21.8 (69.6)    22.5 (70.6)    22.2 (71.3)    22.2 (71.7)    22.0 (72.0)    173.1 (60.6)    126.6--210.8 (44.4--73.9)
  South-East Asia         23.5 (37.5)                                                                  51.4 (61.9)    57.5 (66.7)    57.3 (67.5)    55.2 (67.6)    53.3 (67.6)    50.7 (67.6)    45.9 (67.6)    41.0 (67.6)    36.6 (67.6)    472.5 (62.3)    449.4--485.5 (59.3--64.0)
  Western Pacific         15.3 (35.0)                                                                  35.6 (67.2)    40.9 (78.1)    43.4 (80.9)    51.3 (81.4)    64.6 (81.5)    56.8 (81.6)    50.7 (81.6)    58.9 (81.6)    62.9 (81.6)    480.4 (74.8)    332.7--517.9 (51.8--80.6)
  Total                   88.9 (27.9)                                                                  184.0 (60.0)   201.5 (69.3)   202.4 (72.2)   205.6 (72.8)   215.8 (73.6)   199.7 (73.5)   179.1 (73.4)   173.4 (73.8)   165.9 (74.1)   1816.5 (66.1)   1641.5--1899.6 (59.8--69.2)
  **Male**                                                                                                                                                                                                                                                    
  Africa                  39.0 (64.9)                                                                  64.4 (93.7)    58.5 (96.9)    50.5 (97.2)    43.3 (97.3)    37.3 (97.3)    32.0 (97.3)    26.4 (97.3)    21.1 (97.3)    16.5 (97.3)    389.0 (87.6)    356.9--404.1 (80.4--91.0)
  Americas                1.7 (6.1)                                                                    5.9 (17.2)     9.7 (27.0)     12.4 (33.0)    13.7 (35.7)    14.3 (38.2)    14.3 (40.3)    13.9 (42.2)    13.4 (43.9)    13.0 (45.4)    112.3 (31.9)    103.8--120.4 (29.5--34.2)
  Eastern Mediterranean   6.8 (20.9)                                                                   17.6 (49.6)    21.8 (66.8)    23.2 (74.3)    23.3 (76.6)    23.8 (78.0)    22.1 (78.8)    19.0 (79.3)    15.8 (79.6)    13.2 (79.7)    186.6 (63.5)    120.6--237.3 (41.1--80.8)
  Europe                  1.8 (7.9)                                                                    5.7 (22.0)     8.4 (33.9)     10.4 (40.9)    12.5 (44.0)    15.0 (46.6)    15.8 (48.9)    15.7 (50.8)    16.0 (52.4)    15.9 (53.7)    117.1 (40.1)    102.2--134.7 (35.0--46.1)
  South-East Asia         25.6 (37.5)                                                                  56.2 (61.9)    63.1 (66.7)    62.6 (67.5)    59.7 (67.6)    56.5 (67.6)    53.0 (67.6)    47.5 (67.6)    42.5 (67.6)    37.7 (67.6)    504.3 (62.2)    479.3--518.4 (59.1--63.9)
  Western Pacific         17.1 (34.8)                                                                  37.7 (62.2)    41.3 (69.6)    42.6 (71.2)    49.5 (71.4)    60.5 (71.5)    52.3 (71.5)    46.4 (71.5)    53.8 (71.5)    56.5 (71.5)    457.6 (66.0)    301.0--488.0 (43.4--70.4)
  Total                   92.1 (27.0)                                                                  187.4 (57.1)   202.8 (65.0)   201.6 (67.3)   202.1 (67.4)   207.4 (67.5)   189.5 (67.5)   168.9 (67.4)   162.5 (67.5)   152.7 (67.4)   1767.0 (61.2)   1594.7--1837.6 (55.2--63.7)

UI: uncertainty interval; WHO: World Health Organization.

^a^ 95% UI of the total no. of infected people in millions (95% UI of percentage prevalence).

Notes: Numbers are the year 2016 estimated number of people living with oral herpes simplex virus type 1 infection. Prevalences are the percentage of infected people in the age- sex- and region-specific population. Numbers do not always sum exactly to the totals due to rounding. Regions are World Health Organization definitions.

###### Global and regional estimates of the prevalence of genital herpes simplex virus type 1 infection by age and sex, 2016

  WHO region by sex       No. of infected people in millions (population prevalence, %) by age   95% UI^a^                                                                                                                 
  ----------------------- ---------------------------------------------------------------------- ----------------- ----------------- ----------------- ----------------- ----------------- ----------------- ------------- -----------------------------
  **Total**               5.8 (1.0)                                                              17.9 (3.1)        27.5 (4.6)        32.6 (5.9)        34.7 (7.0)        36.3 (7.6)        37.2 (8.2)        192.0 (5.2)   123.0--294.0 (3.3--8.0)
  **Female**                                                                                                                                                                                                               
  Africa                  \< 0.1^b^ (0.1)                                                        \< 0.1^b^ (0.1)   \< 0.1^b^ (0.1)   \< 0.1^b^ (0.1)   \< 0.1^b^ (0.1)   \< 0.1^b^ (0.1)   \< 0.1^b^ (0.1)   0.2 (0.1)     \< 0.1^c^--3.8 (0.0--1.8)
  Americas                1.0 (3.4)                                                              3.3 (9.4)         5.2 (14.5)        6.6 (18.9)        7.4 (22.6)        8.0 (25.7)        8.4 (28.4)        39.8 (16.2)   25.7--48.1 (10.5--19.6)
  Eastern Mediterranean   0.8 (3.3)                                                              2.1 (7.8)         2.9 (10.5)        3.1 (12.1)        2.9 (13.1)        2.4 (13.7)        2.1 (14.0)        16.2 (10.5)   1.9--27.7 (1.2--17.8)
  Europe                  0.6 (3.4)                                                              2.1 (8.2)         3.5 (11.4)        4.2 (13.4)        4.5 (14.7)        4.8 (15.5)        4.9 (16.1)        24.7 (11.2)   8.2--36.4 (3.7--16.5)
  South-East Asia         0.1 (0.2)                                                              0.3 (0.4)         0.3 (0.4)         0.3 (0.4)         0.3 (0.4)         0.2 (0.4)         0.2 (0.4)         1.8 (0.4)     0.1--8.3 (0.0--1.7)
  Western Pacific         0.4 (1.0)                                                              1.1 (1.9)         1.7 (2.2)         1.6 (2.3)         1.5 (2.3)         1.7 (2.4)         1.8 (2.4)         9.8 (2.0)     0.1--66.9 (0.0--13.5)
  Total                   3.0 (1.1)                                                              9.0 (3.2)         13.6 (4.6)        15.8 (5.8)        16.6 (6.8)        17.1 (7.3)        17.4 (7.8)        92.5 (5.1)    54.6--154.6 (3.0--8.5)
  **Male**                                                                                                                                                                                                                 
  Africa                  \< 0.1^b^ (0.1)                                                        \< 0.1^b^ (0.1)   \< 0.1^b^ (0.1)   \< 0.1^b^ (0.1)   \< 0.1^b^ (0.1)   \< 0.1^b^ (0.1)   \< 0.1^b^ (0.1)   0.2 (0.1)     \< 0.1^c^--3.7 (0.0--1.7)
  Americas                0.9 (3.0)                                                              3.1 (8.5)         4.9 (13.4)        6.2 (17.7)        7.0 (21.5)        7.5 (24.8)        7.9 (27.7)        37.4 (15.4)   23.8--45.4 (9.8--18.7)
  Eastern Mediterranean   0.8 (3.3)                                                              2.2 (7.8)         3.1 (10.5)        3.4 (12.1)        3.1 (13.1)        2.7 (13.7)        2.3 (14.0)        17.7 (10.5)   2.1--30.2 (1.2--18.0)
  Europe                  0.7 (3.5)                                                              2.6 (9.7)         4.7 (14.9)        6.1 (19.4)        7.1 (23.1)        8.0 (26.3)        8.5 (29.0)        37.7 (16.9)   24.3--45.7 (10.9--20.5)
  South-East Asia         0.2 (0.2)                                                              0.3 (0.4)         0.3 (0.4)         0.3 (0.4)         0.3 (0.4)         0.3 (0.4)         0.2 (0.4)         1.9 (0.4)     0.2--8.8 (0.0--1.7)
  Western Pacific         0.2 (0.5)                                                              0.6 (0.9)         0.8 (1.0)         0.7 (1.0)         0.7 (1.0)         0.8 (1.0)         0.8 (1.0)         4.7 (0.9)     \< 0.1^c^--59.7 (0.0--11.4)
  Total                   2.8 (0.9)                                                              8.9 (3.0)         13.9 (4.5)        16.8 (6.0)        18.1 (7.2)        19.2 (8.0)        19.8 (8.7)        99.4 (5.3)    64.2--167.6 (3.4--8.9)

UI: uncertainty interval; WHO: World Health Organization.

^a^ 95% UI of the total no. of infected people in millions (95% UI of percentage prevalence).

^b^ Numbers are \< 50 000 ≥ 10 000.

^c^ Numbers are \< 10 000.

Notes: Numbers are the year 2016 estimated number of people living with genital herpes simplex virus type 1 infection. Prevalences are the percentage of infected people in the age- sex- and region-specific population. Numbers do not always sum exactly to the totals due to rounding. Regions are World Health Organization definitions.

When considering HSV type 1 infection at any site, we estimated 3752.0 million people (95% UI: 3555.5 million--3854.6 million) of the world's population 0--49 years of age were infected, a prevalence of 66.6% (95% UI: 63.1--68.4; data repository).[@R23] The regional pooled prevalence values and model fits are available in the data repository.[@R23] Note that the number of people with oral and genital HSV type 1 infections do not sum exactly to the number with HSV type 1 infection at any site, as we assumed a small proportion of people can be infected at both sites simultaneously. The estimates were highly sensitive to our assumption that anyone aged 15 years of age and older who does not have an existing infection can acquire genital HSV type 1. If only those individuals who engaged in oral sex in the last year are at risk of acquiring genital HSV type 1 infection, then we estimate 122.3 million (3.3%) of those 15--49 years of age had prevalent genital HSV type 1 infections in 2016 (data repository).[@R23]

Taken together, an estimated 596.0 million--655.7 million people, 16.0--17.6% of the world's population 15--49 years of age, had genital HSV type 1 or HSV type 2 or both, based on 122.3 million--192.0 million genital HSV type 1 infections.

Applying the prevalence in those aged 45--49 years of age to population numbers for those aged 50--99 years of age, we estimated that globally, a total of 1290.1 million and 344.5 million people aged 50--99 years were infected with HSV type 1 (any site) and HSV type 2, respectively, bringing the totals to 4850.1 million and 836.0 million, respectively (data repository).[@R23]

The global prevalence of HSV type 2 for 2016 (13.2%; 95% UI: 11.5--16.3) was estimated to be somewhat higher than that estimated for 2012 (11.3%; 95% UI: 7.4--18.4),[@R2] although the 95% UI overlapped. Applying equal population numbers by age, sex, WHO region and estimate year, the observed increase in global HSV type 2 prevalence between 2012 and 2016 remained but was somewhat diminished (13.7% versus 15.2%). This pattern was seen across all regions and especially for females, except for the Eastern Mediterranean Region, where a decrease was observed.

Incidence of infection
----------------------

We estimated that 23.9 million (95% UI: 21.0 million--29.5 million) people 15--49 years of age became infected with HSV type 2 in 2016, an incidence of 0.6% (95% UI: 0.6--0.8; [Table 4](#T4){ref-type="table"}). Of these, 14.7 million (95% UI: 12.4 million--18.1 million) were women and 9.2 million (95% UI: 7.4 million--13.6 million) were men. The number was highest in the WHO African Region, and there was an overall trend of decreasing incidence with age, as prevalence increased. However, the pattern was less marked for those settings where prevalence increased steadily with age (data repository).[@R23]

###### Global and regional estimates of the incidence of herpes simplex virus type 2 infection by age and sex, 2016

  WHO region by sex       No. of infected people in millions (population incidence, %) by age   95% UI^a^                                                                                                                
  ----------------------- --------------------------------------------------------------------- ----------------- ----------------- ----------------- ----------------- ----------------- ----------------- ------------ -----------------------
  **Total**               5.2 (0.9)                                                             4.4 (0.8)         3.9 (0.6)         3.2 (0.6)         2.7 (0.5)         2.4 (0.5)         2.1 (0.5)         23.9 (0.6)   21.0--29.5 (0.6--0.8)
  **Female**                                                                                                                                                                                                             
  Africa                  1.8 (3.4)                                                             1.1 (2.5)         0.7 (1.9)         0.5 (1.4)         0.3 (1.0)         0.2 (0.7)         0.1 (0.5)         4.6 (2.0)    4.1--4.9 (1.7--2.1)
  Americas                0.5 (1.4)                                                             0.5 (1.3)         0.4 (1.2)         0.4 (1.1)         0.3 (1.0)         0.3 (0.9)         0.3 (0.9)         2.7 (1.1)    2.2--3.3 (0.9--1.4)
  Eastern Mediterranean   0.1 (0.4)                                                             0.1 (0.4)         0.1 (0.4)         0.1 (0.4)         0.1 (0.4)         0.1 (0.4)         0.1 (0.4)         0.7 (0.4)    0.3--1.5 (0.2--0.9)
  Europe                  0.1 (0.5)                                                             0.1 (0.5)         0.2 (0.5)         0.2 (0.5)         0.2 (0.5)         0.1 (0.5)         0.1 (0.5)         1.0 (0.5)    0.5--2.0 (0.2--1.0)
  South-East Asia         0.5 (0.5)                                                             0.4 (0.5)         0.4 (0.5)         0.4 (0.5)         0.3 (0.5)         0.3 (0.5)         0.2 (0.5)         2.5 (0.5)    1.1--5.2 (0.2--1.0)
  Western Pacific         0.4 (0.7)                                                             0.5 (0.7)         0.5 (0.7)         0.5 (0.7)         0.4 (0.6)         0.4 (0.6)         0.5 (0.6)         3.1 (0.7)    2.0--4.6 (0.4--1.0)
  Total                   3.4 (1.2)                                                             2.7 (1.0)         2.4 (0.8)         1.9 (0.7)         1.6 (0.6)         1.4 (0.6)         1.3 (0.6)         14.7 (0.8)   12.4--18.1 (0.7--1.0)
  **Male**                                                                                                                                                                                                               
  Africa                  0.9 (1.7)                                                             0.7 (1.6)         0.5 (1.4)         0.4 (1.3)         0.3 (1.2)         0.2 (1.1)         0.2 (1.0)         3.3 (1.4)    2.5--4.1 (1.1--1.7)
  Americas                0.2 (0.6)                                                             0.2 (0.6)         0.2 (0.6)         0.2 (0.6)         0.2 (0.6)         0.2 (0.5)         0.2 (0.5)         1.4 (0.6)    0.9--2.1 (0.4--0.9)
  Eastern Mediterranean   \< 0.1^b^ (0.2)                                                       \< 0.1^b^ (0.2)   \< 0.1^b^ (0.2)   \< 0.1^b^ (0.2)   \< 0.1^b^ (0.2)   \< 0.1^b^ (0.2)   \< 0.1^b^ (0.1)   0.3 (0.2)    0.1--1.3 (0.0--0.7)
  Europe                  0.1 (0.3)                                                             0.1 (0.3)         0.1 (0.3)         0.1 (0.3)         0.1 (0.3)         0.1 (0.2)         0.1 (0.2)         0.5 (0.3)    0.2--1.1 (0.1--0.5)
  South-East Asia         0.4 (0.4)                                                             0.4 (0.4)         0.3 (0.4)         0.3 (0.4)         0.3 (0.4)         0.2 (0.4)         0.2 (0.4)         2.0 (0.4)    0.7--5.9 (0.1--1.1)
  Western Pacific         0.2 (0.4)                                                             0.2 (0.4)         0.3 (0.3)         0.2 (0.3)         0.2 (0.3)         0.2 (0.3)         0.3 (0.3)         1.7 (0.3)    0.8--3.6 (0.2--0.7)
  Total                   1.8 (0.6)                                                             1.6 (0.5)         1.5 (0.5)         1.3 (0.5)         1.1 (0.4)         1.0 (0.4)         0.9 (0.4)         9.2 (0.5)    7.4--13.6 (0.4--0.7)

UI: uncertainty interval; WHO: World Health Organization.

^a^ 95% UI of the total no. of infected people in millions (95% UI of percentage incidence).

^b^ Numbers are \< 50 000 ≥ 10 000.

Notes: Numbers are the estimated number of people newly infected with herpes simplex virus type 2 during 2016. Incidences are the percentage of infected people in the age- sex- and region-specific population. Numbers do not always sum exactly to the totals due to rounding. Regions are World Health Organization definitions.

An estimated 120.4 million (95% UI: 114.3 million--130.1 million) people 0--49 years of age acquired HSV type 1 infection at any site, an incidence of 2.1% (95% UI: 2.0--2.3; [Table 5](#T5){ref-type="table"}). The number was highest in the African Region, and decreased with age, most notably in regions where prevalence saturated at younger ages (data repository).[@R23] The available empirical incidence data suggested that the force of infection may vary with age (data repository),[@R23] but the data were too limited to draw further conclusions.

###### Global and regional estimates of the incidence of herpes simplex virus type 1 infection (at any site) by age and sex, 2016

  WHO region by sex       No. of infected people in millions (population incidence, %) by age   95% UI^a^                                                                                                                                                            
  ----------------------- --------------------------------------------------------------------- ------------ ----------- ----------------- ----------------- ----------------- ----------------- ----------------- ----------------- ----------------- ------------- -------------------------
  **Total**               81.4 (12.3)                                                           19.1 (3.0)   7.0 (1.2)   3.8 (0.7)         2.7 (0.5)         2.1 (0.3)         1.5 (0.3)         1.2 (0.2)         0.9 (0.2)         0.7 (0.2)         120.4 (2.1)   114.3--130.1 (2.0--2.3)
  **Female**                                                                                                                                                                                                                                                         
  Africa                  16.7 (21.4)                                                           1.6 (2.4)    0.2 (0.3)   \< 0.1^b^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   18.5 (4.2)    16.1--22.0 (3.6--5.0)
  Americas                1.0 (3.0)                                                             0.9 (2.5)    0.8 (2.1)   0.7 (1.8)         0.6 (1.6)         0.5 (1.3)         0.4 (1.1)         0.3 (1.0)         0.3 (0.8)         0.2 (0.7)         5.6 (1.6)     5.4--5.8 (1.5--1.7)
  Eastern Mediterranean   3.1 (7.8)                                                             1.7 (4.7)    0.9 (2.8)   0.5 (1.7)         0.3 (1.0)         0.2 (0.6)         0.1 (0.4)         \< 0.1^b^ (0.2)   \< 0.1^b^ (0.1)   \< 0.1^b^ (0.1)   6.8 (2.5)     5.3--8.0 (1.9--2.9)
  Europe                  1.7 (6.5)                                                             1.1 (4.2)    0.7 (2.7)   0.4 (1.7)         0.3 (1.1)         0.2 (0.7)         0.2 (0.5)         0.1 (0.3)         0.1 (0.2)         \< 0.1^b^ (0.1)   4.8 (1.7)     4.4--5.0 (1.5--1.8)
  South-East Asia         10.5 (12.7)                                                           2.2 (2.5)    0.4 (0.5)   0.1 (0.1)         \< 0.1^b^ (0.0)   \< 0.1^b^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   13.2 (1.7)    12.6--14.2 (1.7--1.9)
  Western Pacific         7.0 (12.3)                                                            2.3 (4.2)    0.7 (1.4)   0.3 (0.5)         0.1 (0.2)         \< 0.1^b^ (0.1)   \< 0.1^b^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   10.5 (1.6)    9.8--13.1 (1.5--2.0)
  Total                   40.0 (12.6)                                                           9.8 (3.2)    3.7 (1.3)   2.0 (0.7)         1.3 (0.5)         0.9 (0.3)         0.7 (0.2)         0.5 (0.2)         0.3 (0.1)         0.3 (0.1)         59.4 (2.2)    56.3--63.9 (2.0--2.3)
  **Male**                                                                                                                                                                                                                                                           
  Africa                  17.2 (21.4)                                                           1.7 (2.4)    0.2 (0.3)   \< 0.1^b^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   19.0 (4.3)    16.5--22.6 (3.7--5.1)
  Americas                0.9 (2.4)                                                             0.8 (2.1)    0.7 (1.9)   0.6 (1.6)         0.6 (1.4)         0.5 (1.3)         0.4 (1.1)         0.3 (1.0)         0.3 (0.9)         0.2 (0.8)         5.2 (1.5)     4.9--5.5 (1.4--1.6)
  Eastern Mediterranean   3.3 (7.8)                                                             1.8 (4.7)    0.9 (2.8)   0.5 (1.7)         0.3 (1.0)         0.2 (0.6)         0.1 (0.4)         0.1 (0.2)         \< 0.1^b^ (0.1)   \< 0.1^b^ (0.1)   7.2 (2.4)     5.7--8.4 (1.9--2.9)
  Europe                  0.9 (3.1)                                                             0.7 (2.6)    0.6 (2.2)   0.5 (1.9)         0.5 (1.6)         0.4 (1.4)         0.4 (1.1)         0.3 (1.0)         0.3 (0.8)         0.2 (0.7)         4.7 (1.6)     4.3--5.1 (1.5--1.7)
  South-East Asia         11.4 (12.7)                                                           2.4 (2.5)    0.5 (0.5)   0.1 (0.1)         \< 0.1^b^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   14.4 (1.8)    13.8--15.5 (1.7--1.9)
  Western Pacific         7.7 (12.0)                                                            2.0 (3.2)    0.5 (0.9)   0.1 (0.2)         \< 0.1^b^ (0.1)   \< 0.1^b^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   \< 0.1^c^ (0.0)   10.5 (1.5)    9.4--15.5 (1.3--2.2)
  Total                   41.3 (12.1)                                                           9.3 (2.8)    3.4 (1.1)   1.9 (0.6)         1.4 (0.5)         1.1 (0.4)         0.9 (0.3)         0.7 (0.3)         0.5 (0.2)         0.4 (0.2)         61.0 (2.1)    57.6--66.8 (2.0--2.3)

UI: uncertainty interval; WHO: World Health Organization.

^a^ 95% UI of the total no. of infected people in millions (95% UI of percentage incidence).

^b^ Numbers are \< 50 000 ≥ 10 000.

^c^ Numbers are \< 10 000.

Notes: Numbers are the estimated number of people newly infected with herpes simplex virus type 1 during 2016. Incidences are the percentage of infected people in the age- sex- and region-specific population. Incidence values of \< 0.05% are rounded to 0.0%. Numbers do not always sum exactly to the totals due to rounding. Regions are World Health Organization definitions.

Discussion
==========

Our estimates updated to 2016 found around 491 million people living with HSV type 2 infection, 3583.5 million with oral HSV type 1 infection and 122 million --192 million with genital HSV type 1 infection, in those up to 49 years of age. An estimated 596 million--656 million people were genitally infected with either HSV type 1 or 2, meaning that HSV has a substantial effect on the sexual and reproductive health of millions of people worldwide. HSV type 2 infection disproportionately affected women and the WHO African Region. It is concerning that around half of women aged 25--34 years of age in the African Region were infected with HSV type 2, as young women in this region are also at particularly high risk of acquiring HIV.[@R123]

These estimates for 2016 were informed by extensive literature reviews, with 474 and 223 prevalence data points for HSV type 2 and type 1, respectively, contributing to the estimates. For this update, we also made separate estimates for the numbers of people with oral HSV type 1 infection. Our estimates provide a global picture of the overall numbers of HSV infections and can be built upon to better understand the global burden of HSV-associated disease.

The estimates have some limitations, however. First, our pooled estimates rely on the accuracy of the data, which inform them and assume that the contributing studies are representative of their respective regions. Despite an increased number of studies contributing data compared with previous estimates, the number of contributing countries was lower in 2016. To help mitigate these issues, we used broad literature search terms and did not restrict the search by language. We adjusted the reported prevalence for assay sensitivity and specificity, since lack of adjustment tends to inflate HSV prevalence, and we generated estimate bounds to reflect the uncertainty in prevalence reported by publications. We also assumed a constant force of infection by age. However, we applied the force of infection only to those who were susceptible, allowing the number of infected people to decrease with age, and the fitting process also allowed the prevalence to saturate below 100% where suggested by the data. Nonetheless, future modelling analyses would be useful to explore how the limited available empirical incidence data could further inform estimates of infection. In the meantime, our estimates provide a snapshot of prevalence and the limitations of incidence estimates have less impact, as incidence only needs to be projected ahead by a single year.

Second, our estimates for genital HSV type 1 infection are particularly uncertain, as reflected in the wide uncertainty intervals. HSV type 1 prevalence data are lacking among children for all regions and across all ages for the WHO African and South-East Asia Regions. Accurate fitting to prevalence is important for predicting the potential for acquiring genital infection when a person commences sexual activity. Our model fits suggested that in some regions, few HSV type 1 infections are acquired in adulthood, resulting in low estimates of genital HSV type 1 infection. However, since there were limited data to inform the model fits, the numbers could be higher than estimated. Conversely, we applied a relatively high value to the proportion of incident HSV type 1 infections that are genital during adulthood. Although we pooled this value across contributing studies, the incidence of genital HSV type 1 was based on data from only four longitudinal studies, all from the USA and in sexually active populations that may not be representative of other regions. In addition, the value was calculated by assuming that oral and genital HSV type 1 infections are equally likely to be symptomatic. The proportion of infections that were genital may vary across regions due to variations in the practice of oral sex, the main route of transmission of HSV type 1 genital herpes, as well as variations in the background prevalence of HSV type 1 infection.[@R5] Thus, there is also potential for overestimation of the contribution of genital infections to all HSV type 1 infections. Our sensitivity analysis showed how genital HSV type 1 infection estimates might change if fewer people were able to acquire infection.

Third, our infection estimates do not translate into direct estimates of symptoms or disease. Of the more than half a billion people estimated to be genitally infected with either HSV type 1 or type 2 for example, many infections will be asymptomatic (or at least, not recognized as genital herpes), particularly those due to genital HSV type 1. Even in the absence of symptoms, infected people can transmit HSV to sex partners or neonates and may have a higher risk of acquiring HIV, as documented for HSV type 2.[@R13]

Fourth, time trends between estimates from different years should be interpreted cautiously. The estimated global prevalence of HSV type 2 for 2016 was somewhat higher than for 2012, although not significantly so. In addition, we used population data for a single year to make our estimates, but there was a large overlap in the available data between estimate years. At the same time, there were changes in the countries and types of populations contributing data between 2012 and 2016. Furthermore, both overall prevalence and numbers of people infected are a function of the underlying demography of a region, and there has been a global shift towards an ageing population. This shift will increase the overall prevalence of infection even in the absence of a change in the force of infection, since HSV infection is lifelong, as shown by our analysis of age-standardized prevalence. Time trends can be investigated in future research through analyses of study-level data.

Lastly, by restricting the analysis to those younger than 50 years of age, we have underestimated the total burden of infection. Older age groups not only have highest prevalence of infection, but likely also contribute an important burden of disease in terms of continuing recurrences.[@R124] We used this cut-off because individuals 15--49 years of age is the most important age group in terms of risk of sexual transmission and sexual and reproductive health outcomes, and because data on HSV prevalence in older people are limited. Using this age range also allows us to align our data with other sexually transmitted infection estimates produced by WHO, which are done for individuals 15--49 years of age[@R125] To explore the potential for underestimation, we extended the age range and found that globally for 2016, 4850.1 million and 836.0 million people aged up to 99 years may have HSV type 1 and type 2 infection, respectively. Our HSV type 2 estimate is similar to the 956 million (95% UI: 847 million--1087 million) estimated by the 2017 GBD study, which included older ages.[@R17] The GBD study uses a Bayesian model with HSV type 2 prevalence data identified by a basic search string supplemented by data from our more comprehensive searches.[@R2]^,^[@R16] GBD HSV type 2 infection estimates were not adjusted for test underperformance, which tends to overestimate prevalence.[@R2] Differences in regional groupings will also influence global totals.

Although not all infections lead to symptoms, our estimate of more than half a billion people with genital HSV infection translates into a large burden of disease worldwide. Current methods of prevention against HSV infection, such as the use of condoms, or antiviral drugs by the infecting partner, are inadequate.[@R19] These estimates for 2016 can inform the development and subsequent targeting of interventions to maximize the impact on morbidity and mortality, especially in low- and middle-income countries.
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